Introduction: Low socioeconomic status (SES) may be associated with increased risk of polycystic ovary syndrome (PCOS) and vice versa. Possible associations between SES, obesity and ethnicity in PCOS are undetermined. 
| INTRODUC TI ON
Polycystic ovary syndrome (PCOS) can be diagnosed in around 10% of premenopausal women. 1, 2 PCOS is characterized by irregular menses, polycystic ovaries and hyperandrogenism. 1 Quality of life may be impaired in PCOS and the risk of depression and development of medical and psychiatric diseases is increased. 3, 4 More than 50% women with PCOS are obese. 5 Obesity is associated with a more severe PCOS phenotype including more irregular menses, infertility and hirsutism, 6, 7 and obesity is associated with impaired quality of life and depression in PCOS. 8, 9 In the general population, Newton et al reported a consistent association between lower life course socioeconomic status (SES) and obesity among sociated with a more adverse lipid profile 22 and insulin resistance 23 in PCOS. Unhealthy lifestyle including low physical activity 24 may be associated with low SES in PCOS. 25 Only two previous studies investigated SES in PCOS. 26, 27 Both studies reported an inverse association between SES and BMI in PCOS, 26, 27 but the studies were of limited size (n < 250) and one study did not include healthy controls. 26 The hypothesis that SES is lower in women with PCOS than in controls therefore remains to be tested.
Ethnic background affects PCOS phenotype and metabolic risk profile. 28, 29 Danish women with PCOS originating from the Middle East had higher Ferriman-Gallwey (FG) score and lower insulin sensitivity than ethnic Northern European Danish women with PCOS.
29
A more adverse metabolic risk profile and a more severe PCOS phenotype in women with PCOS originating from the Middle East could be associated with lower SES. Furthermore, low vitamin D levels are common in women with PCOS originating from the Middle East. 30 The possible effect of low vitamin D levels on mental health is debated. 31 Previous studies regarding SES in PCOS 26, 27 included women from Italy 26 (ethnic homogeneous) and USA 27 (50% white, 50% black). The hypothesis that ethnic background could be associated with SES in PCOS was not tested in those studies.
The aim of the present register-based study was to compare SES in women with a diagnosis of PCOS and controls based on data from
Danish national registers. We also investigated possible associations between SES, obesity and ethnic background in women with PCOS.
| MATERIAL AND ME THODS

| Design and population
The study design and baseline data for this study cohort have been reported in detail earlier. 19 Data regarding development of type 2 diabetes, cardiovascular disease and incident fractures 15, 32, 33 in the study cohort have been published recently. We included two patient populations with PCOS and one control population ( Figure 1 ).
In women with hirsutism, the prevalence of PCOS is more than Exclusion criteria were women with the diagnoses E221 (hyperprolactinemia), E220 (acromegaly), E24 (Cushing's syndrome), E25
(adrenogenital syndrome) and Q96 (Turner syndrome). Furthermore, women aged < 25 years at the index date were excluded.
| Variables
| Danish National Registries
All Danish individuals are assigned a unique personal identification number. The identification number can be used to link data from all public registers at an individual level. 36, 37 Denmark has a large array
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Furthermore, in women with PCOS, socioeconomic status was inversely associated with obesity. Lifestyle: Eating habits, smoking, physical acitivity of high-quality national registers that cover the entire population and include consistently coded long-term data. 37 Register-based data provide a unique opportunity to perform population-based studies linking information about hospital diagnoses, socioeconomic data, medical prescriptions at the individual level with a very high validity. 37, 38 We retrieved information from registers about SES, ethnicity and area of origin, and hospital contacts in the study population. 
| Socioeconomic status
Variables on SES included information on personal income, occupational status and education. Data were retrieved from Danish registers at Statistics Denmark as described below on the index year for each woman.
Personal income
Personal income was extracted from the Income Statistics Register 39 and included information on the available average income after tax and interest (included salary, retirement benefits, welfare payment, remuneration, company profits, etc.). The income was categorized into tertiles (high, middle, low).
Occupational status (affiliation to the labor market)
Occupational status was also extracted from the Income Statistics 
| Covariates
We gathered information on ethnicity and area of origin from the Danish Civil Registration System. Table S1 ).
Comorbidity
The Charlson comorbidity index is based on 19 comorbid conditions 41 and was calculated from the ICD-10 operationalization by
Quan et al. 42 The Charlson comorbidity index was used to classify comorbid conditions among the respondents from 1995 to index date. To calculate the Charlson score, we used information from the Danish Patient Register and the score was categorized into no comorbidity (0) and plus one comorbidity (≥1).
| Statistical analyses
Descriptive analyses for categorical variables were presented as frequencies and difference between PCOS and controls was evaluated by Chi-square test. Continuous variables were tabulated as medians (with quartiles Q1 and Q3) and a nonparametric test on the equality of medians was used to test for differences between groups.
Conditional logistic regression analyses were used to calculate odds ratios (OR) with 95% confidence intervals (CI) and corre- 
| Ethical approval
The core study was an open register-based cohort study. The 
| RE SULTS
The flow chart of included women is summarized in Figure 2 . A total of 55 475 women fulfilled the inclusion criteria, 13 891 women with PCOS (PCOS Denmark and the embedded cohort PCOS OUH, n = 814) and 41 584 controls.
Baseline characteristics of the study population are shown in Table 1 . The median age was 33 years in all study cohorts (range 25-60 years). Women in PCOS Denmark were more often in the middle tertile (37% vs 32%) and low tertile (38% vs 32%) of personal income than controls. Women in PCOS Denmark had a lower frequency of affiliation to the labor market (70% vs 80%) and the occupational status was more often unemployed or on welfare payment (13% vs 7%) than controls. Women with PCOS more often had basic schooling (25% vs 23%) and short tertiary education (including a bachelor's) (25% vs 21%) as the highest education compared with controls. Women in PCOS Denmark more often originated from the Middle East (8% vs 3%) compared with controls, and more women in PCOS Denmark vs controls were immigrants (15% vs 10%).
Comorbidity according to Charlson index ≥1 was more often present in women with PCOS than controls (9% vs 5%).
Women in PCOS OUH differed from the remaining women in PCOS Denmark regarding personal income, occupational status and education (Supporting Information Table S2 ).
The conditional logistics regressions analyses (Table 1) showed significant associations between PCOS diagnosis and SES (personal income, occupational status and education). Women with personal income in the low (OR = 1.7) or middle tertile (OR = 1.7)
had a higher probability of PCOS compared with women in the high-income tertile in the unadjusted analysis. Associations between personal income and PCOS remained significant in the analysis adjusted for education, occupational status, ethnicity and area of origin. 57 (7) 71 (3) 3.0 (2.1; 4.4)
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Women in education (OR = 1.4), being unemployed or on welfare support (OR = 1.9), or retired early (OR = 1.9) had a higher probabil-
| Sensitivity analyses
Conditional logistic regressions analyses were repeated in women with PCOS originating from Europe (n = 12 152) and in women with PCOS originating from the Middle East (n = 1112) compared with their age-matched controls ( Table 2 ). The association between SES and PCOS remained significant when women were divided accord- 
Results for the five sensitivity analyses are shown in Supporting
Information Table S3 . Table 3 shows associations between SES and obesity in PCOS.
Women in PCOS OUH (n = 759) were categorized into BMI <25 kg/ m 2 (n = 257) and BMI ≥25 kg/m 2 (n = 502). Women with PCOS and BMI <25 kg/m 2 more often had high personal income (22% vs 18%), were affiliated to the labor market (72% vs 62%) and had Master's or doctoral degree (7% vs 1%) or short tertiary education (including Analyses were repeated in PCOS OUH with women stratified according to FG-score (Supporting Information Table S4 ). Women with FG-score ≥5 more often had a vocational education (34% vs 24%) and basic schooling (28% vs 24%) as their highest education level compared with women with FG-score <5, they were more often immigrants (19% vs 8%) and more often originated from the Middle East (12% vs 2%). FG-score was not associated with SES in logistic regression analyses.
| D ISCUSS I ON
To our knowledge this is the first nationwide population-based study that reports lower SES in PCOS than in controls. We found that Danish women with PCOS more often had low personal income, were more often unemployed or on welfare, and had more often retired early compared with age-matched controls. Furthermore, SES was inversely associated with obesity.
TA B L E 3 PCOS OUH and BMI at baseline and association between BMI and socioeconomic status in PCOS OUH
As previously reported, 19 participants in our study population were relatively lean (median BMI in PCOS OUH, 27 kg/m 2 ). Our findings therefore supported the conclusion that low SES should be considered even in a relatively lean study population of women with PCOS. Furthermore, area of origin and ethnicity were closely associated with SES. We found that immigrants and women with PCOS originating from the Middle East had even higher risk of low SES compared with women of Danish ethnicity and women of European origin.
The data from the present study expand findings from two previous studies regarding SES in PCOS. 26, 27 Merkin et al included 938
American women and investigated childhood and adult SES and risk of development of PCOS. 27 The authors found that low childhood SES (low education in parents) increased the risk of development of PCOS. 27 However, this association was only significant in women with a high education. Furthermore, women with a high education had elevated risk of PCOS compared with women with lower education, supporting increased attention to a PCOS diagnosis in women of higher education. 27 In accordance with findings of the present study, significant associations between SES and risk of PCOS development became stronger in obese than lean women. 27 However, study limitations may apply to the study by Merkin et al 27 as the study was of limited size and included a population of mixed ethnicity, and the diagnosis of PCOS was based on primary self-reported data. The use of self-reported data could explain some of the findings by Merkin et al 27 as women with a higher education might be more likely to recall and report past and current health conditions.
Women with a higher education could more likely use the healthcare system and be diagnosed with PCOS. 27 Furthermore, the authors suggested that upward socioeconomic mobility; ie, women with PCOS of high education having parents with low education, could suffer from more peripubertal stress, greater incidence of obesity, and thus early disruption of menstrual cycles. 27 In the present study we did not include SES of the parents but, clearly, more studies are needed regarding possible implications of upward and downward socioeconomic mobility in women with PCOS.
Di Fede et al investigated possible associations between SES and
PCOS phenotype in 244 Italian women with PCOS. 26 No controls was included in the study. In accordance with the present study, low family income and low education were associated with higher BMI. 26 Furthermore, low SES was associated with a more severe PCOS phenotype with higher degree of anovulation, larger waist circumference, and higher insulin levels compared with women with PCOS and high SES. These findings support the importance of high BMI for low SES in PCOS. Obesity is closely associated with PCOS phenotype and infertility, and BMI is inversely associated with quality of life in PCOS. 18 Furthermore, obesity is an important risk factor for the development of type 2 diabetes and cardiovascular disease in PCOS. 18 In accordance with this, we found that a high FG-score was associated with lower SES; however, this association did not remain significant in logistic regression analyses. It is possible that lean women with PCOS represent a separate PCOS phenotype 43, 44 and metabolic risk in lean women with PCOS could be determined primarily by hyperandrogenism. 45 The present study design did not allow us to compare SES in lean women with PCOS with lean controls. The study by Merkin et al 27 supported that low parental education predicted PCOS development, which could be due to poor nutritional habits, 27 although genetic and environmental factors should also be taken into consideration. 46 The present study did not include data regarding physical activity and smoking habits and therefore we could not test hypotheses regarding possible associations between BMI, physical activity, smoking and SES in PCOS.
In the present study, we investigated the importance of ethnic background for SES in PCOS. We found that women of foreign origin had lower SES than women of Danish origin, and the OR for low SES Strengths and limitations may apply to the present study. The study included a large and well-characterized group of patients with PCOS, we embedded a clinical cohort into a national registerbased study, and we had access to well-validated register-based data. SES is be dependent on age. Women included in the present study therefore should be aged at least 25 years. Some women finished their education at an older age, and we performed sensitivity analyses in women aged 30 years or more. Inclusion of women aged 30 years or more did not change significant results.
Some limitations may apply to the present study design. 15, 32, 33 Education level in immigrants could be underestimated, as their and prescription history. However, the differences were small and therefore unlikely to be a major source of bias in our findings.
| CON CLUS ION
Socioeconomic status was lower in women with PCOS than in controls and was associated with obesity and ethnic background. More studies are needed regarding the effect of medical and lifestyle intervention on SES in PCOS.
